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Frontispiece 
A ventral and lateral view of an adult Axiothella 
rubrocinta without its tube. 
af. anal funnel 
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IWrRODUCTION 
The family Maldanidae is a group of sedentary 
polychaetes having a cylindrical body with elongate, but 
relatively few segments. The prostomium has a dorsal pair 
of nuchal organs and may have eye-spots ventrally; true 
appendages are absent. The mouth opens ventrally on the 
peristomium and has an extrusible sacciform proboscis. 
The pygidium may be plate-shaped, funnel shaped with an 
internal cone, or simply cone-shaped. All maldanids 
inhabit tubes of sand or mud, and subject to the limita-
tions and advantages of this habj_tat. 
The adaptations of maldanids to the tube-dwelling 
habit are poorly known. Two recent papers have 
contributed to our understanding of these adaptations. 
r!Iangum ( 196~·b) described acti.vi ty patterns in five species 
of AtJ.antic maldanids. The passage of food and defecation 
in Clymenella torquata was studied by Pilgrim (1965b). 
PilgP:lm has also publ:lshed a series of papers on the 
anatomy of the alimentary canal (1965b), the blood system 
( 1966b)., the morphology of the head, thorax, pygidium and 
pharyngeal apparatus (1966a), and the coelomocytes (1965a) 
of C~yrnenella torquata and Euclymene oerstedii. Other 
aspects of the biology of th:ls family have been stressed 
by Ivlangum working on species from the western At,lantic 
~----
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Ocean. Mangum (1963, 1964a) studied speciation as measured 
by divergent oxygen consumptions and in relation to 
population density and sediment relationships) both intra-
specifically and interspecifically. Joyet-Lavergne (1910) 
described the initial stages of tube formation in 
I 
Leiochone clypeata. 
rrhe most thorough study of maldanid anatomy is 
Pilgrim's series of papers on Clymenella torquat~ and 
Euclymene oerstedii. The internal anatomy of Clymene 
palermi tan a was part:i.ally described by Orlandi ( 1898). 
Joyet-Lavergne (1910) described the histolo~y of the 
epidermis and anatomy of the musculature) and Ullman and 
Bookhout (1949) studied the anatomy and histology of the 
alimentary canaJ. of Clymenella torgua~a. Patterson (1960) 
gave a short description of some·anatomical features of 
the supra- and subesoph3.geal ganglia in _Q_. torquata. The 
proboscis apparatus of Axiothella rubrocinta and Nichomache 
personata were described by Dales (1962). The presence of 
giant nerve fibers and withdrawal responses were discussed 
by Mangum and Passano (1964) in five species of western 
Atlantic maldanids. 
Maldanids have often been used ·in regeneration 
experiments. The most popular subject has been C. torquata 
because :i.t possesses, as does Axiothel~-~ rubrocinta 
(Frontispiece) a constant compJ.ement of pai•ts: 1.8 
setigerous segments, two posterior segments, a head and a 
- -- ------
pygidium. These regeneration experiments have 
occasionally contributed to an understanding of maldanid 
structure and development. For exampleJ Sayles (1936) 
reported that several regenerating heads of Clymenella 
torquata possessed a pair of parapodiaJ which is not 
nor-mal for the species. Pilgrim (1966b) used the 
possession of this extra pair of parapodia as evidence to 
support the suggestion that the head of Clymenella 
torquata represents) phylogeneticaly; the fusion of at 
least one setiger with the prostomium and peristomium. 
3 
Three other papers by Sayles with the same species 
discussed the external features of regeneration (1932)J 
.posterior regeneration (1934)J and bud formation in 
anterior regeneration ( 19L~ 3). Hammet ( 1933) reported on 
the origin and potentiality of regenerating tissues. 
Smith (1963J 1964) has suggested that there are specific 
inhibitors in both anterior and posterior regeneration 
that probably limit the size of Q. torquata. Moment 
(1951) went a step further by studying the morphological 
changes during simultaneous anterior and posterior 
regener:ation. 
There are a few papers on this family of a more 
physiological nature. Stephens (1963) demonstrated that 
Q1Ym~nella ~o~quata is capable of accumulating four 
different amino acids through the body wall fr-om dilute 
solutions. Mangum (1964b) has related available nutrition 
-------------
to p0ssage of food through the gut without considering 
soluble amino acids as available sources of nutrition in 
C. torquata. However, she did conclude that there was an 
excess of organic matter passing through the gut in 
relation to the caloric requirements as det,ermined by-
oxy-gen consumption. 
Mesobiliverdin has been identified as the green 
4 
pigment in the body- wall in some populations of Q. torqua~~ 
and Q. Elucosa (Mangum, 1962b). Axiothella rubrocinta also 
shows a similar green coloring of the body- wall in some 
cases. 
In this thesis the biology- of Axi.othe_!la rubrocint~. 
(Johnson, 1901) has been studied in relation to tube 
dwelling. Emphasis has been placed on burrowing, tube 
construction, maintenance of the burrow, passage of food 
through the alimentary- canal, and irrigation of the burrow. 
The present work on Axiothella rubrocinta is the 
first study of a Pacific Coast maldanid polychaete. 
5--~----~-----­
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TAXONOMY 
The famiJ.y Maldanidae was divided into five sub-
families by Arwidsson (1907): Lumbriclymeninae, 
Nichomachinae, Maldaninae, Euclymeninae and Rhodininae. 
1 
These five sub-families have been recognized by most 
taxonomic authorities on po1ychaetes, including Fauve1 
( 1927 L Ushakov ( 1955 L and Hartman ( 1959). Axiothe11a 
rubrocinta (Johnson) is a member of the sub-family 
Euclymeninae and was origina1ly described in 1901 as 
Clymenella rubrocinta. The name Axiothella came from 
~xioth~a Malmgren. The genus Clymenella was extended by 
Verril (1900) to include as a sub-genus Axiothea Malmgren, 
but Verril found that Axiothea was preoccupied in 
Coleoptra and changed the name to Axiothella. Verril 
extended Clymenella after re-examining the type specimen 
of Axiothella catenata, which was Malmgren's type species 
of Axiothea. The type specimen~ he concluded~ had a 
fleshy collar on_the fourth setigerous segment as the same 
kind as found in Q!y~enella, but less developed. 
Arwidsson (1907) considered the size of the collars worthy 
of more than sub-generic distinction and he established 
·Axiot0~lla as a separate genus. In the same work, 
Arwidsson assigned Clymenella rub!'ocint§:, Johnson as the 
type spP.cdes of the new e;enusj AxiothelJ.a, which should 
:::;------;:--------;----
include animals with small uncini on the first three 
setigers and a small collar on the fourth setigerous 
segment. Animals bearing larger uncini (hooks) were 
included in the genus Euclymene. Monro (1937) disagreed 
with Arwidsson on the use of Clymenella rubrocinta as the 
type species, but accepted the two genera as defined by 
Arwidsson. Monro preferred Clymene to Euclymene but this 
has not been followed in usage by other authors (Hartman, 
1959). Thus Clymenella rubrocinta came to be Axiothella 
rubrocinta by redefinition of the genus Axiothella. 
Mangum (l962a) partially reviewed the sub-frunily 
EucJ.ymeninae. She proposed returning to Verril's (1900) 
original classification, because she considers the 
d:l.fferences between Axioth~lla: and Clymenella as 
insufficient for generic separation. This may be valid, 
but it must remain questionable, for her judgement was 
based on the examination of only one species of each 
genus. Perhaps an examination of as many species as 
possible would establish a more satisfactory systematics 
and clarify the relationships between the species of the 
north Amer·ican maldanids of this sub-faJnily. 
6 
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DISTRIBUTION 
Axiothella rubrocinta is indigenous to the Eastern 
Pacific (Hartman~ 1959). It occurs in protected sandflats 
from Vancouver~ British Columbia (Berkeley and Berkeley, 
1952) south to Bahia de San Quintin, Baja, California 
(Reish, 1963). It also occurs sub-tidally near La Jolla 
(Treadwell, 1914) and in Mag~j Newport, and Hueneme 
canyons off the coast of southern California (Hartman, 
1963)~ It has been collected at a depth of 183 meters in 
Hueneme Canyon (Hartman, 1963). 
Axiothella rubrocinta occurs in a variety of 
habitats in TomaJ.es Bay but is found in greatest densities 
in clean sand of a fine grain size. Reish (1963) reported 
similarly that the distribution of this species within 
Bahia de San Quintin is clearly related to very fine sands. 
Although tne author has collected A. rubrocinta sub--
tidally in eel grass beds northwest of Hog Island and near 
Lawson 1 s Plat, Tomales Bay, it is most abundant in the mid-· 
intertidal region. 
METHODS AND MATERIALS 
Animals used in this study were collected on 
Lawson's Flat, Tomales Bay, Marin County. 
Behavioral observations were made both on Lawson's 
Flat and in the laboratory. In the laboratory worms were 
introduced into glass tubes (20 em long, inside diameter 
3 mm) held vertically in an aquarium. Only a few animals 
adapted to this situation, but these furnished some 
information on tube building) irrigation of the burrow, 
feeding and defecation. Burrowing was observed with 
animals close to the side of a sand-filled aquarium. 
Sediment size analysis of tubes and parent sedi-
ment was carried out on samples from Lawson's Flat and 
White Gulch, both in Tomales Bay. Samples were sieved for 
10 minutes on a Ro:...tap shaker, each size class weighed and 
weight percentages calculated. Samples containing high 
clay and silt fractions were first wet sieved) and 
particles smaller than .062 mm were removed. Cumulative 
weight percentages were_plotted on semi-log graph paper. 
The fiftieth percentiles were read direc.tly from the graphs 
and taken as median particle sizes. 
Dissections were made under a binocular dissecting 
microscope on animals relaxed in equal parts of isotonic 
Magnesium Chloride and sea water. Longitudinal cuts' were 
S------==~----­
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made either dorsally or ventrally on either side of the 
midlines. Some dissections were made on unanesthesized 
animals to observe muscular activity or to trace ciliary 
currents with carmine or graphite particles. 
After relaxation in magnesium chloride ~nimals to 
be sectioned were fixed in hot Bouin's (60°C.) and after 
48 hours transferred to 70% isopropyl ~lcohol. 
A variety of 'staining methods was used. For 
general anatomical work Mayer's Haema1um (2 minutes) was 
employed; followed by a eosin counterstain (2 minutesJ 
then destained in running tap water). These two steps 
were often preceeded with 1% aqueous alcian blue (20 · 
seconds). 
For more detailed work Heidenhain's Iron 
Hematoxylin (PantinJ 19L~8) was used. Sections used to 
reconstruct the proboscis apparatus were stained with 
analine blue and acid fuschin; according to a method 
developed by Owen (1959) for connective tissue and 
muscle. The following modifications have been passed 
from Dr. Owen to Dr. Smith and to the author: following 
9 
staining in analine blue and rinsing in wate~ the sections 
are passed to an acid fuschin-picric acid solution (20 
parts of 1% acid fuschin to 80 parts of saturated picric 
acid in 95% alcohol) for one minute. The sections are 
then dehydrated, cJeared and mounted. 
S---------
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RESULTS 
A. BURROWING 
If Axiothella rubrocinta is removed from its tube 
and placed on a wet sand surface near the side of an 
aquarium, burrowing can be observed (Fig. 1). The head 
region is raised slightly off the substrate and assumes a 
pointed shape by a change in the angle of the cephalic 
plate (Fig. 1, part 2). The tip of the head is then thrust 
into the sand and at the same time the proboscis is everted 
(~ig. 1, part 3). Retraction of the proboscis draws the 
worm down into the sand. Burrowing proceeds by the 
eversion and the retr·action of the proboscis with some help 
from the relaxation and contraction of the longitudinal 
muscles of the body wall. The size of the head does not 
change shape during proboscis eversion. Setae are used as 
points of anchorage, their projection from the animal 
during ~roboscis eversion prevents slippage (Fig. 1, part 
5). As the animal is drawn forward by proboscis and 
longitudinal muscle cont~action these setal bundles are 
withdrawn into sheaths or are flattened back against the 
exterior of the worm. 
Fig. 1.--External views of the head and first 
setiger of Axiothe11a rubrocinta. 
1-5. Five successive stages in burrowing 
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B • THE r:mBE 
Construction of the Tube 
The tube of Axiothella rubrocinta is composed of 
mucus and sand grains (Fig. 2). The lumen of the tube is 
I 
lined by a thin, transparent~ and relatively tough mucus 
membrane (Fig. 2, MM). This membra.ne is secreted from the 
thoracic region of the worm, setigers one through six. 
The epidermis in the anterior half of each of these 
setigers is rich in mucus cells, which are probably the 
prime contributers to the formation of the mucus membrane. 
Longitudinal sections of the thorax stained with alcian 
blue or analine blue suggest that these regions have a 
mucus-secreting function. In addition, adult worms placed 
in bowls of sea water without sediment form the mucus 
membrane from the thoracic region. Bowever, if sediment 
is present the rudimentary tube is formed from a single 
layer of sand grains adhering to the mucus membrane. The 
tubes of very smq,ll A. rubrocinta are composed only of this 
mucus membrane and a single layer of sand grains. In 
larger animals, more layers of irregularly-placed sand 
grains in a mucus matrix form the adult tube. The smaller 
tubes are irregular in outline and are often curled. Large 
tubes are more fragile and difficult to obtain in intact, 
however these tubes are smooth in outline and more nearly 
s·:tr-aight than the smaller ones. 
14· 
Fig. 2.--A lateral view of a short section of the 
tube of Axiothella rubrocinta, lOX. 
mm. mucous membrane 
tl. tube lumen 
tw. tube wall 
MM 
Tl TW 
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The sizes of tubes depend on the sizes of the 
inhabitants, The larger adults weigh about 2 grams, in 
the height of the reproductive season (May and September), 
and have tubes that are nearly 30 centimeters in length 
with an inside diameter of 5 millimeters. Juveniles 
weighing less than 0.1 gram have been collected with tubes 
3 centimeters long and less than .5 mil1imeters in 
diameter. 
Large tubes generally protrude from the substrate 
varying distances. This upper portion of the tube is 
tapered and the thinness of the tube often resu1ts in its 
collapse~ which is one of the mechanisms operative in the 
maintenance of the tube. 
The construction of adult tubes from parent 
sediment is thought to be biased towards larger particles. 
This lf.ypothesis has been formulated after many observations 
and after an analysis of one 50 gram sample of tube 
sediment and a similar sample of parent sediment from White 
Gulch, Tomales Bay (a poorly sorted beach) showed a 
differ·ence in median particle size. Median particle 
diameter of parent sediment was 260 microns, while that of 
tube sediment was 358 microns. 
Adult worms, deprived of their tubes, can rebuild 
a new tube in a matter of days after burrowing. Or, if 
they are introduced into glass tubes, as was done for some 
of these observations, they may add a section of sand-grain 
E------
Ej -- ----- -- -
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tube to the end of the glass tube. One of these sand-
grain extensions was built in the form of a Y. Such tubes 
have been found occasionally in the field. This Y-shaped 
tube is significant in Clymenella ~osa; one branch of 
the Y is used for the retention of a gelati~ous egg mass 
in the spring and summer (Bookhout and Horn~ 1949). 
However, in Axiothella rubrocinta about 20% of the 
inhabitants of this variant tube structure are males, 
more6ver Axiothella rubrocinta has never been observed to 
retain its eggs in a mass inside the tube. So, the 
significance of the Y-shaped tube in some members of this 
species remains unknown. 
Maintenance of the Tube 
Once the tube is constructed there is a requirement 
for maintenance. The limited amount of space inside the 
tube must be kept free f'or the activities of the worms 
(feeding, irrigation, etc.). The very nature of a 
shifting sandflat is a threat to this free space. Three 
mechanisms were obse~v~d operating to keep the tube of this 
worm from clogging with sand. First, the mouth of the tube 
is almost always above the surrounding -substrate, but may 
be flush with it. Sand and detritus moving along the 
surface of the substrate are, thus, n6rmally prevented from 
e~tering the mouth of the tube. The second of these 
mechanisms is the thinness of the tube wall at the mouth. 
[§ _________ _ 
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This thinness often results in the collapse of the upper 
end of the tube and a partial obliteration of the lumen. 
Sediment is, thus, prevented from entering the tube. The 
third mechanism is behavioral (Figure 3). The usual 
position of the animal is with the pygidium near the mouth 
of the tube. When a few sand grains are dropped into the 
tube, the anal funnel (Frontispiece, af) immediately 
expands to the full width of the tube at contact with the 
sediment, which falls on the open surface of the funnel. 
The worm then slowly backs up the tube, exposing the 
pygidium and a few posterior segments. The pygidium bends 
over and the particles are dumped to one side of the tube. 
In regard to the repair of the tube, the mouth of 
the tube needs repair most often, since it is eroded at the 
substrate surface. Since animals kept in glass tubes in 
the laboratory built sand-grain extensions of their tubes 
and since adult worms will build complete tubes anew, it 
is thought that tube repair may be a regular part of tube 
maintenance. 
Since Axiothella rubrocinta spends all of its time 
within a small, enclosed space, there is a need for 
circulation of water through this space, both to bring in 
oxygenated water and to expell waste-ridden water. The 
tube is irrigated by body wall peristalsis. The 
E ___ _ 
~--
Fig. 3.--Lateral views of the posterior end of 
Axiothella rubrocinta near the mouth of the tube (the 
"tu~hasbeen partiarly cut away 3 and arrows indicate 
direction of movement of particulate matter). 
1-3. Three successive stages in tube cle~ning 
behavior 
19 
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peristaltic bulges of the body wall fill the tube and 
descend like plungers into the tube, drawing fresh water 
in through the mouth of the tube and expelling it out the 
lower end into· the substrate. 
These peristaltic bulges occur only in the widest 
body region, between setigers seven and twelve. The waves 
occur singly at fifteen to twenty second intervals in 
normal sea water at l2°C. Interestingly, body wall 
peristalsis is always directed away from the mouth of the 
tube, regardless of the animals's position. 
That the tube is well oxygenated can be seen 
graphical1y by exposing a tube that is in a reducing sub-
strate. The tube and the substrate a few millimeters to 
either side are lightly colored, in contrast to the 
surrounding b1ack reducing substrate. 
We11 over ninety per cent of the animals col1ected 
in the fie1d, regard1ess of the tide, wiJ.J.· be in a head-
down position. It is, perhaps, significant that in this 
position the first structure in the animal to contact the 
flow of incoming water is the heavily vascularized 
pygidium. 
A few of the animals found in the field will be in 
a head--up position. Laboratory observations in glass 
tubes have confirmed that these worms occasionally reverse 
their position in their tubes. 
=--· ---
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C. INGESTION AND MOVEMENT OF FOOD 
~xiothella rubrocinta ingests food at the bottom 
of its tube using its eversible proboscis, which consists 
of the buccal capsule and anterior pharynx. The 
proboscis is probably everted by increasing the fluid 
pressure in the anterior coelom. By whatever mechanism, 
the extrusion takes l.ess than one second. The fully 
everted probosc·is is shaped as a thick disc and the 
effective opening to the gut is surrounded by the 
epitheium of the anterior pharynx (Fig~ 4). Since the 
pharynx is the anterior-most portion of the gut that 
carries ciliation, inward ciliary currents are stronger 
during eversion. These currents sweep fine particulate 
matter into the gut. 
Apart from the ciliation, the disc-shaped everted 
proboscis is smooth~ but as it is retracted by the 
r•etractor sheath (Fig. 4, r's), gular membrane (gm), and 
buccal retractor muscles (oabr, inbr, vabr) creases 
app$ar in it. As these creases become deeper particles 
are caught in them and drawn into the gut with the retrac-
ting proboscis. This is the method of ~ubstrate ingestion. 
The fine particul.ate matter entering the gut in 
ciliary currents is worthy of more mention here. Some-
times the stomachs and intestines of dissected worms 
contained no large particles of substrate, but instead, 
Fig. 4.--Composite drawing of a saggital serial 
section of the head and first setiger of Axio~hella 
rubrocint~J not complete. 12X. 
al. line of attachment of retractor sheath 
and' gular membrane to body wall 
be. buccal capsule 
b h/1. boundary between head and first setiger 
e. esophagus 
gm. gular membrane 
inbr. inner buccal retractor muscle 
1. lips 
lms. longitudinal muscie slips 
odabr. outer dorsal acc~ssory buccal retractor 
muscle 
p. pharynx 
rs. retractor sheath 
first septum 
seg. supra-esophageal ganglion 
vabr. ventral accessory buccal retractor muBcle 
23 
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smaller particulate matter, mostly diatoms and detritus. 
Close observation of feeding revealed that there are times 
when only fine particulate matter enters the mouth. This 
means that A. rubrocinta is not exclusively a substrate 
ingestor and may be deriving some benefit from detritus. 
After proboscis retraction, particulate matter is 
quickly passed posteriorly to the esophagus (Fig. 4, e). 
The lumen of the gut narrows through this region and the 
epithelium is ciliated and strongly grooved. The abundance 
of mucus cells in the epithelium, as evidenced by their 
aFfinity for alcian and analine blue probably accounts for 
the copious mucus secretions in the esophagus. Mucus and 
particulate matter are mixed in this region and moved, 
again by cilia, swiftly towards the stomach. In contrast 
to the stomach-intestinal region, the pharynx and 
esophagus are regions of swift food movement. The entrance 
to.the stomach, between the fifth and sixth setigers~ is 
marked by a constriction of the gut. This constriction is 
partially due to a bend in the alimentary canal, but mainly 
- . 
to an exaggeration of the internal epithelial folds of the 
posterior esophagus (Fig. 5). Mucus and particulate 
matter in the form of loose strands enter the stomach in 
the deep grooves between the epithelial folds. As these 
strands enter the stomach, they coalesce into white~ semi-
solid masses. These bulky and viscous masses of mucus and 
food cannot reenter the esophagus through the narrow 
~---
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Fig. 5.--Composite drawing from serial sections 
and dissections of the gut, dorsal body wall and'associated 
blood vessels in the region of the fifth and sixth 
setigers. A parasaggital cut has been made of the gut wall 
tu show the constriction of the lumen at the esophagus-
stomach junction, 12X. 
as. anterior stomach 
b ejs. esophagus-stomach junction 
.em. circular musculature of body wall 
dbv. dorsal blood vessel 
dm. dorsal mesentary 
e. epidermis 
lm. longitudinal musculature of body wall 
pe·. posterior- esophagus 
vlv. ventral longitudinal vessel 
vm. ventral mesentary 
vtv. ventral transverse vessel 
;;::----
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constriction. So, in a sense, this constriction is a one-
way valve. The lumens of the stomach and intestine are 
large spaces of slow food movement and the transition 
between the two can only be detected by a subtle shift in 
texture of the epithelium or by the start of the ventral 
I 
intestina1 groove in the eleventh setiger~ Food and mucus 
are moved out of the stomach by posteriorly directed 
peristaltic waves. The ciliary current in the intestinal 
groove moves in the same direction, but the peristaltic 
waves in the intestinal wall are anteriorly directed. Thus 
-----
the posterior movement in the ventral groove and the -----
anterior mov~ment in the lumen enforced by peristalsis 
creates a roughly circular movement of food and mucus in 
the intestine. However, the intestinal groove functions as 
a trap for large particles. Only such particles are he~vy 
enough to sink past the ·rejection currents on the sides of 
the groove that move smaller particles back into the lumen 
of t0e intestine. 
The last.major region of the gut, the rectum, is 
posterior to the intestine. This short, thin-walled, but 
distinct section of gut occupies only the pygidium (Fig. 
6). A muscular sphincter, representing a local enlargement 
·or the circular muscle coat of the gut, marks the junction 
between the intestine and the rectum. The contraction of 
this muscle would obviously isolate the rectum from the 
rest of the gut. Again, the epithelium of this region 
Fig. 6.--Dorsal aspect of longitudinal section 
through the anus of Axiothella Fubrocinta, 12X. 
a. anus 
ac. anal cone 
ad. anal dilators 
as. anal sphincter 
c. cirri 
cr. callus ring 
ct. connective tissue 
il. insertion of longitudinal muscles on 
body wall 
pa. parapodium of last achaetous segment 
pi. posierior intestine 
r. rectum 
rs. rectal sphincter 
s. septum between last achaetous se~nent 
and pygidium 
tmc. transverse muscle of callus ring 
tmp, transverse muscle of pygidium 
vc. ventral cirrus 
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appears to have mucus secreting cells which could 
contribute to the slightly ahesive properties of the feces. 
D.- DEFECATION 
Axiothella rubrocinta defecates only when the 
pygidium is near the mouth of the tube. Defecation is 
usually preceeded by the extrusion of the pygidium and the 
last achaetous segment. The setal bundles of the posterior 
setigers anchor the worm to the sid.es of the tube and the 
anus dilates. Then the posterior portion of the worm is 
contracted very quickly, The worm disappears into the tube 
amidst a flurry of sand grains whj_ch settle in a pile at 
the base of the tube. This whole procedure lasts less than 
three seconds. The fecal matter is dispersed with 
sufficient force that very little, if any, reenters the 
tube. 
Defecation occurs more frequently when animals are 
covered with water, than when exposed at low tide. 
The morphology of the pygidium has been diagra-
matically reconstructed-in Figure 6. After observing what 
has been described above and knowing the structure of the 
pygidium it is not too difficult to hypothesize the 
structural changes taking place during defecation. The 
anal dilators and anal sphincters obviously open the anus 
just prior to defecation. The rectal sphincter must 
control the flow of fecal material from the intestine to 
;--~ 
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the rectum. The transverse muscles of the callus ring and 
the position of insertion of the longitudinal muscle slips 
must account for the rapid shortening of the body during 
defecation. 
It is interesting to note that the sand grains 
from the feces form a conical pile around the base of the 
protruding tube. A population of these worms can often be 
located on the sandflat by searching for a group of small 
mounds surrounding the tops of tubes. 
---==--==- :__: _ ____:__::_ 
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DISCUSSION 
~xiothe~la rub~ocinta (Johnson) is a tubiculous 
intertidal polychaete. The adaptations that allow these 
animals to survive in an intertidal sandflat are of two 
general kinds: (1) adaptations to tube-dwelling and (2) 
adaptations to an intertidal environment. The former 
group of adaptations has been emphasized in this thesis. 
Tube-dwelling profoundly influences the major 
activities of this species; the manner of feeding; the 
method of defecation, the requirement for tube-cleaning 
and maintenance are all problems that must be solved. 
Also, if dislodged from its tube, this animal, to be 
truly well-adapted, must be able to burrow and construct 
a new tube. 
This species burrows in wet sand and the method 
described here is similar to that of Nepthys, as described 
by Clark (1964:89). However there are two main differ-
ences: (1) there are not significant changes in head size 
as A. rubrocinta burrows and (2) retraction of the 
proboscis in A. rubrocinta does puJ.l the worm forward into 
the head of the burrow. Unlike A. rubrocinta, the everted 
proboscis of Nepthys excavates a hole into which the worm 
crawls. During burrowing setal bundles play the same 
role in ~Tepth;rs and A rubrocinta--ns anchors on the sides 
~- ------ --------
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of the burrow during proboscis eversion. The lack of 
large protruding parapodia in A. rubrocinta (and many 
other sedentary polychaetes) and the fewer number of 
setigers considerably lessen resistance to·forward move-
ment through the substrate. In addition~ A. rubrocinta 
is capable of either flattening the setal bundles against 
the body wall or partially retracting them into the 
coelom. This also lessens resistance to burrowing. 
After burrowing has re-established the worm in 
the substrate~ the process of tube construction begins~ 
as described in the section~ "Construction of the Tube." 
Initial stages of tube formation in the maldanid~ 
Leiochon~ clypeata Saint-Joseph~ as described by Joyet-
Lavergne (1910) are the same for Axiothella rubrocinta. 
The mucous membrane is secreted from the glandular belts 
of the thoracic setigers and particles stick to the 
membrane: forming the initial layer of the tube. There 
is some variation in the location of these glandular 
belts in different species. In Clymenella torquata the 
glandular belts are in the anterior portion of setigers 
five through eight (Pilgrim, 1966a), but the.se bands 
occur in setigers one through six in Axiothella 
rubrocinta. The process of tube building is yet to be 
followed to its completion; specifically the processes by 
which the outer port5on of the tube is formed are unknown. 
The present description of tube morphology is the 
c;_ -- ----
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most complete avaiJ.able for the maldanids. In Mangum's 
(1962a) work it is only mentioned that the tubes of 
CJ.ymenella torquata and C. mucosa are vertical and 
constructed of sand, and that the J.atter has a Y-shaped 
top during the summer months. In the same paper it was 
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mentioned that the tubes of C. torquata are approximately 
20 centimeters long. 
Although it is only suggested that Axiothella 
rubrocinta favors larger particles in tube construction, 
studies by Mangum ( 196~-a) comparing tube and parent 
sediments of five species of maldanids showed that there 
are significant differences in Cly__rpenelJ.a ,!!l_!::lCOE_§J:, 
B:Panchioasychi~. americana, and Petaloproctus socialis. 
wnether the differences found were for larger or smaller 
particles in the tube for each species was not given. 
Once the worm has been established within the tube, 
there is a requirement for maintenance. Three 
mechanisms operative in the prevention of clogging of the 
tube with sand have been described in this section, 
"Maintenance of the Tube." No mention has been seen in the 
literature of similar activities of other ma1danids. The 
. . 
funnel shape of the pygidium·seems essential to the 
maintenance of the tube, and perhaps this is one of its 
main functions. Due to the tube-dwelling habit the only 
possible positions for feeding are at the top or the bottom 
of the tube; the latter position seems to be more common. 
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A. rubrocinta feeds at the bottom of its tube. Clymenell~ 
torqu~ta feeds in the same posi tionJ i.e. J head-down 
(Mangum) 1964.e_J Pilgrim) 1965b). Mangum (1964b) also 
implies that Petaloproctus _socialisJ Clymenella zonalis 
and Clymenell~ mucosa feed in the s&ne position. 
In regard to methods of feeding) there is some 
evidence that maldanids can be selective particle feeders. 
Before 1949) Q. torquata was known only from the New 
England Coast) where it is· a substrate ingestor. However 
in 1949) Newell described a population of C. torquata from 
VJ?.itstableJ Kent. It was learned in a latter investigation 
(Pilgrim) 1965b) that this second populations was composed 
of selective particle feeders) which ingested diatoms that 
filtered through the sediment to the level of the tube 
bottoms. As mentioned in the section) "Ingestion and 
Movement of Food)" I have occasionally found Axiothella 
rubrocinta with their guts filled with fine particulate 
matter. SoJ here are two species) that when first 
invesU.gatedJ appeared to be simply substrate ingestorsJ 
but were later found to be capable of subtle shifts in 
feeding habits. It remains to be determined how common 
selective particle feeding is within the species and under 
what conditions it occurs. Pilgrim (1965b) has attributed 
thls sh:i.ft in feeding of ClymeneJ.la torquata to a change 
in one factor in the hRbitat--a larger substrate particle 
size that allows diatoms to filter down through the 
~-
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sediment to the level of the tube bottoms. In the case of 
Axiothella rubroc~nta the correlation could not be made so 
the reasons for this shift must remain obscure. 
In this thesis the structure of the gut has been 
studied to lend a better understanding of how food passes 
through it,· Except for the few points mentioned below J 
the structure of the gut is identical in Axiothella 
rubrocinta and Clymenella torquataJ as described by Pilgrim 
( 1965b). 
As far as the proboscis apparatus has been 
investigated and described in this thesis it is identical 
to that of .Q.!Y~enell_~. torqu at a (Pilgrim) 1966a) . The 
relationships between the retractor sheaths and gular 
membranes in the two species are identical. Dales (1962) 
has fj.gured the proboscis apparatus of Axiothella 
rubrocinta. His drawing and description are incomplete. 
Instead of referring to the dorsal portions of the 
retractor sheath and gular membrane) and the inner and 
outer dorsal accessory buccal retractor muscles separately) 
he distinguishes only one set of dorsal muscles. 
It is interesting to noteJ as Pilgrim (lg66a) first 
indicated) the morphology of the proboscis in the 
Malda.nidae and the ArenicoL1.dae is essentially the sameJ 
except for the lack of retractor muscles in the latter. 
Both Arenicola. marina and A. eucaudata have gular membranes 
and retractor sheaths that have obviously been derived from 
G 
8--···--=--=-=--::..__:_:: 
----
~ -- ----
the splitting of the first septum (Wells, 1954). This 
splitting of the first septum is lacking in all other 
polychaetes. Its presence may indicate a close relation-
ship between these two families. 
The constriction of the gut at the. esophagus-
stomach junction in A. Fubrocinta is unique in the 
Maldanidae. However, in Clymenella torquata and Euclymene 
oerstedii (Pilgrim, 1965b) the poster•ior esophagus and the 
anterior stomach form a slight loop that provides enough 
slack to allow proboscis eversion. This slight loop is 
present in Axiothe1la rubrocinta and does contribute, 
somewhat, to the constriction of the gut lumen. 
There were two differences noted in the functional 
morphology of the gut between Axiothella rubrocinta and 
The Clymenella torquata, as described by Pilgrim (1965b). 
first noted difference was the posteriorly-progressing 
peristaltic waves in the wall of the stomach of Axiothella 
rubrocinta~ where Pilgrim has seen only anteriorly 
progressing waves in the stomach and intestine of 
ClymeneJ}a: to·rquata. 
The last-noted difference in the gut of Axiothella 
rubrocin'ca is the rectal sphincter muscle, which is not 
reported for Clymenella torquata or Eucl;ymene oerst~dii. 
The tube-dwelling habit has imposed severe 
limitations on the manner of defecation. To avoid fouling 
a blind-ending tube, the only possible route for fecal 
- - --
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matter is through and away from the mouth of the tube. 
This is wha~ has been observed for Axiothella rubrocinta. 
Cly~enella ~orquata defecates in the same general manner 
as does Axiothella rubrocinta (Mangum, 1964b, and Pilgrim, 
1965b). Although Pilgrim (1965b) has described the 
anatomy of the pygidium of Clymenella torguata her only 
comments on the manner of defecation are: "Defecation is 
effected by the eversion of the rectum, which is br•ought 
about by the combined action of coelomic fluid pressure 
and the complex musculature of the region." (402) 
In Axiothella rubrocinta the rectum does not 
appear to be everted during defecation. The volume of 
fecal matter detected at any one time is always greater 
than the rectum could hold. Therefore~ defecation cannot 
be explained by the eversion of the rectum alone, but must 
involve flow of fecal matter from the intestine. 
With the tube-dwelling habit also come the 
problems of oxygen supply and waste disposal. The sub-
strate in which Axiothella rubrocinta often builds its 
tube is, below a thin sl.icface layer, the very dark color 
and noxious odor associated with oxygen-poor sediments. 
There is, most likely, a requirement for a constant oxygen 
supply from the overlying water. Also, the metabolic 
activities of the animal most likely reJ.ease wastes into 
the tube that would require flushing. As described in the 
section) "Irrigation of the Tube," a constant incoming 
E __ _ 
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flow of water is made possible by peristaltic waves of the 
body wall which travel down the tube} acting as plungers, 
and pump water through the mouth of the tube. 
Mangum (1964b) claims that the vertical movements 
of Clymenella torquataJ the entire animal} are responsible 
for water circulation in the tube, and peristaltic waves 
in the body wall make insufficient contributions towards 
this end. This differs for Axiothella rubrocinta, since 
these waves are so well developed and do fill the lumen of 
the tube as they descend. Also, A. rubrocinta, unlike 
C~ymenella torquata, exhibits continual body wal.l 
peristalis when submerged. However, the relative contri-
butions of peristalsis and vertical movements towards tube 
irrigation should be measured quantitatively for Axiothella 
rubrocinta. 
Unlike Clymenella torquata, Axiothella rubrocinta 
is capable of reversing its position within the tube. 
Finding worms in the field either head or tail up or in the 
process of reversing tube position confirmed earlier 
laboratory observations. Mangum (1964b) does} however} 
mention that body wall peristalsis does _reverse direction 
in CJ.ymenel1a torquata, a phenomenon associated wj_th 
position reversal in Axiothella rubrocinta. Position 
reversa1 in tube-dwe11ing po1ychaetes has been recorded 
for Ner·eis di versi.co1or and Chaetopteru s variopedatu·s 
~---------
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(Wells and Dales, 1951). 
Continuous body wall peristalsis has been recorded 
for the terebellid, ~upolymnia heterobranchiatB: (Dales, 
1961),· a feature it shares with Axiothell~ rubrocinta, but 
apparently Clymenella torquata performs only intermittiant 
peristalsis (Mangum~ 1964)~ 
Besides the previously discussed problems of the 
tube dwelling habit are the problems of the intertidal, 
primarily those that accompany exposure. Much of the 
population of Axiothella rubrocinta at Lawson's Flat is 
exposed by a 0.0 tide. With the mixed tidal regime of the 
Pacific Coast this tidal datum is the average of the lower 
low tides. Therefore~ the population is exposed, on the 
average, once every tidal day. During these low tide 
periods these animals are without a supply of sea water at 
the mouth of the tube for irrigation. How this problem is 
solved is not known, but it has been noted that exposed 
animals are invariably deeper in their tubes. Perhaps this 
behavior allows them to utilize the interstitial water in 
some manner. 
~-
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SUJ.VIMARY 
1. Bu~~owing.--Proboscis movements and contraction 
of the longitudinal muscles of the body wall make the 
animal an effective burrower when necessary. 
2. Tube.--The tube is constructed of mucus and 
several lrregular J.ayers of sand. Particle size selection 
.. 
is suggested in its construction. The mucus J.ining of the 
tube is secreted by bands of thoracic mucous gJ.ands. The 
tube is kept from clogging by the nature of its construction 
ahd by the cleaning activities of the animal. The tube is 
irrigated by body wall peristalsis) and the animal is cap-
able of reversing its position in the tube and the direction 
of the peristaltic waves. 
3. Ingestion and Movement of Food.--Substrate 
ingestion at the bottom of the tube is the·most common mode 
of feeding) but selective particJ.e feeding does occur. The 
gut cons1sts of an eversible pharynx) a narrow esophagus) a 
-
distict stomach) a long intestine and a short rectum. The 
food particles are mixed with mucus and conveyed through 
the g0t by both ciliary currents and peristalsis of the gut 
wall. Defecation takes place in a manner which prevents 
fouling of the tube. 
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